Background: A key component to monitoring and investigating patient QOL is through patient reported health related quality of life (HRQOL) outcome measures. Many instruments have been used to assess HRQOL in bladder cancer and each instrument varies in its development, validation, the context of its usage in the literature and its applicability to certain disease states. Objective: In this review, we sought to summarize how clinicians and researchers should most appropriately utilize the available HRQOL instruments for bladder cancer. Methods: We performed a comprehensive literature search of each instrument used in bladder cancer, paying particular attention to the outcomes assessed. We used these outcomes to group the available instruments into categories best reflecting their optimal usage by stage of disease. Results: We found 5 instruments specific to bladder cancer, of which 3 are validated. Only one of the instruments (the EORTC-QLQ-NMIBC24) was involved in a randomized, prospective validation study. The most heavily used instruments are the EORTC-QLQ-BLM30 for muscle-invasive disease and the FACT-Bl which is used across all disease states. Of the 5 available instruments, 4 are automatically administered with general instruments, while the BCI lacks modularity, and requires co-administration with a generalized instrument. Conclusion: There are multiple strong instruments for use in gauging HRQOL in bladder cancer patients. We have divided these instruments into three categories which optimize their usage: instruments for use following NMIBC treatments (EORTC-QLQ-NMIBC24), instruments for use following radical cystectomy (FACT-Bl-Cys and EORTC-QLQ-BLM30) and more inclusive instruments not limited by treatment modality (BCI and FACT-Bl).
(NMIBC) and encounter numerous endoscopic and intra-vesical interventions throughout the disease course to try to prevent recurrence and progression of the disease. For patients with high risk NMIBC, disease progression, treatment refractory disease, or muscle invasive bladder cancer (MIBC), radical cystectomy with pelvic lymph node dissection (RCLND) and urinary diversion (UD) is the curative approach. The course of therapy for many patients with bladder cancer can be long, and the burden of therapy can be great. Furthermore, bladder cancer is among the most expensive adult cancers to treat per patient [2] . With each intervention it is necessary for the clinician to weigh the risks and benefits of treatment options as well as the effects of treatment on health related quality of life. To that end, several tools have been developed to gauge the effectiveness of bladder cancer treatments, with the end goal being optimal interventions for each patient at each point in their treatment course.
While mortality is the primary outcome when determining the effectiveness of treatment options, other patient-centered factors should be considered. For instance, understanding and reporting on the patient experience is of equivalent importance. This is reflected in academia and even extends through to congress. Since the early 2000 s, quality improvement in healthcare has emphasized a patientcentered and evidence-based approach [3, 4] . At the same time, the value-based payment modifier of the Affordable Care Act has necessitated improved reporting of clinical outcomes, including those on the patient experience and health related quality of life (HRQOL) [5, 6] . As a final factor driving a recent surge in HRQOL research, the Food and Drug Administration (FDA) is requiring patient-reported outcome (PRO) data in all clinical trials [7] . PRO data is especially relevant for bladder cancer, given the symptom burden of frequent recurrences requiring multiple cystoscopic examinations, intravesical therapy, as well as systemic therapy and complex surgical interventions for muscle-invasive disease. Investigators have recognized the necessity of PRO data in studying bladder cancer, and have responded by developing a wide range of HRQOL tools. Appropriate application of each tool at each disease state is as important as the quality of the tool itself. The purpose of this review is to give clarity to each of the tools and describe its appropriate use.
In this study, we compare the HRQOL tools that are applied to bladder cancer patients. Because many of these tools, or instruments, exist, investigators must determine which instrument(s) should be used in which particular circumstance, as the validity and response can only be applied to the setting in which the tool was developed [8] . Although many articles have been written which review existing HRQOL studies and the instruments used therein, to our knowledge no attempt has been made to holistically compare the HRQOL instruments specific to bladder cancer [8] [9] [10] [11] . The purpose of this article is to summarize the major HRQOL instruments used in bladder cancer, and to provide an outline for investigators to choose the instrument(s) which is/are most suitable for their research needs.
HRQOL INSTRUMENT OVERVIEW
HRQOL is defined as the value that a patient assigns to duration of life as modified by impairments, functional states, perceptions, and social opportunities, and that are influenced by disease, injury, treatment or policy [9] . In a more general sense, HRQOL measures a patient's satisfaction with his or her health and its impact on life. Many different instruments are available for gauging HRQOL. These instruments can be categorized into general instruments, cancer-specific instruments and bladder cancer specific instruments (BCSIs) as outlined in Table 1 .
General instruments are a non-specific measure of a patient's overall health. Questions in a general instrument are worded to address problems ranging from physical functioning to mental health to pain, such as those questions seen in the commonly used 36 question short form health survey (SF-36) [12] . Although these instruments are among the most validated and responsive (Table 2) , they often lack the specificity to gauge HRQOL in patients with a particular disease, as they miss unique components of the effects that a disease has on an individual's wellbeing [8, 10, 13] . Cancer-specific instruments like the functional assessment of cancer therapy -general (FACT-G) and the EORTC-QLQ-C30 are designed to be used for patients with any type of cancer [14, 15] . They are more specific than general instruments, with domains that pertain to the systemic effects of cancer. For example, the C30 includes five functional scales, three symptom scales, and six single items (Table 1 ) [14] . This breadth of data, although vital to the big picture, is excluded when BCSIs are used in isolation.
BCSIs are specially designed to gauge the urinary, bowel, sexual and self-image related symptoms [16] . Other important considerations include gender and choice of urinary diversion [8] . Although BCSIs are the gold standard for use in studying bladder cancer, they are often specific to the point of missing important information about a person's QOL, which can be collected by general instruments or cancer-specific instruments. Thus, all BCSIs should be co-administered with a more general instrument, like the FACT-G, EORTC-QLQ-C30, or SF-36. Because of the smaller sample size of studies using BCSIs, they tend to be less well psychometrically vetted than their more established general counterparts [13] . At a minimum, all studies should be psychometrically evaluated in terms of acceptability, reliability, validity, responsiveness, and cultural adaptation [17] . A description of these metrics is available in the Appendix 1, and analysis of these metrics for each instrument is located in the instrument descriptions below.
In summary, an appropriate HRQOL instrument to study any particular disease must be well validated and responsive to the many domains of a patient's HRQOL. It must be general enough to assess overall well-being, and specific enough to assess the patient's disease and treatments. In the following section, each BCSI will be examined in detail.
METHODS
Our literature search focused on the individual instruments used to assess quality of life in patients with bladder cancer. To find out which instruments Table 2 Validation criteria for each BCSI are actively used, a PubMed search using the terms "bladder cancer" and "quality of life" was performed, focusing on reviews. From there, our searches include the name of each instrument, including both the full name and commonly used abbreviations (e.g. "Functional Assessment of Bladder Cancer -Bladder Cystectomy" and "FACT-Bl-Cys"). A list of studies containing each instrument was compiled, with particular attention placed on the design of the study (retrospective vs. prospective), the study size and the statistical significance of the results (Supplementary data).
This data was used to analyze the context in which each instrument has been utilized. Additionally, the studies which were used by the instrument makers to validate their respective instruments were analyzed (Tables 2 and 3 ).
NON MUSCLE INVASIVE BLADDER CANCER INSTRUMENT
There is only one HRQOL instrument that has been developed and validated for NMIBC and it is the:
European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire -Bladder Cancer Superficial (EORTC-QLQ-NMIBC24) Description and development
The EORTC began developing quality of life instruments in 1986 with the EORTC C30 (a 30 item survey). This has formed the basis of numerous other disease specific HRQOL instruments. The EORTC implemented a modular design, in which disease-specific instruments are added to the core, cancer specific C30 in order to gauge HRQOL for specific types of cancer, and has developed a streamlined instruction manual to use with all EORTC instruments [18, 19] . The additional instruments are most commonly validated through a standardized four phase process, including the generation of relevant issues, the creation of a provisional list of items, pre-testing and modification, and a large-scale international validation [20] . The EORTC-QLQ-NMIBC24 (NMIBC24) is a 24 item survey that gauges HRQOL for patients with intermediate to high risk NMIBC, including Ta, T1 and CIS. It is designed to be administered preoperatively (baseline), and at 2, 3, 6 and 12 month intervals. The NMIBC24 is the only instrument exclusively designed to compare HRQOL between nonmuscle-invasive treatment modalities, such as comparing 2 types of intravesical therapy. It should be noted, however, that the BCI (which will be discussed below) can be used to compare NMIBC treatments like intravesical therapy against other more invasive treatment modalities, like RC. The domains assessed in the NMIBC24 are listed in Table 1 , and each item is scored out of 4 total points.
Validation
The NMIBC24 is currently in phase IV of the EORTC validation process [21] . It has been pretested (phase III), with validation data available from the pre-test (Table 2) . It has not been tested in an international patient population, and it has not been gauged for test-retest reliability. A phase III trial included patients (n = 410) participating in the Bladder COX2 Inhibition Trial, which is a prospective, randomized study evaluating the addition of the COX inhibitor, celecoxib, to the standard treatment for NMIBC (Table 3 ) [22] . The study evaluated the scale, reliability, validity, responsiveness and acceptability of the NMIBC24.
Scaling was completed using multi-trait scaling analysis, in which questions were grouped into 6 domains with 5 additional items ( Table 1) . Internal consistency reliability was moderate to high in the domain items (Cronbach's ␣ 0.49 -0.90), suggesting that the grouped domains adequately measured their intended symptoms. To test criterion validity, the researchers correlated scales of the C30 with those of the BLS24. Most correlations were low (r < 0.4), indicating that the core C30 and its NMIBC module have little overlap and are fit to be co-administered. Longitudinal data was calculated at baseline, 2, 3, 6 and 12 months. The NMIBC24 was found to be longitudinally responsive, with cognitive function, nausea and vomiting, dyspnea, and physical scores deteriorating over time. However, the NMIBC24's responsiveness, or ability to detect clinically meaningful differences between treatments, has not been definitively determined. Finally, acceptability was measured by calculating the completion rates of the surveys over the 12 month time interval. These rates ranged from 85.9% (6 months) to 94.3% (12 months).
Summary
The NMIBC24 is the only BCSI tested in a prospective, randomized trial (Table 3) . Preliminary Phase III psychometric data suggests that it is a strong instrument, given its validity and responsiveness over time [22] . Additionally, its randomized design ensures that a patient's prior health status does not affect the choice of treatment [10] . Although phase III testing provided the NMIBC24 with some psychometric data, it lacks test-retest reliability and international testing data. The NMIBC24 cannot be fully validated until this information is made available after phase IV. Particularly, investigators should be wary when using a translated form of the survey, given that the instrument is not yet proven to be culturally adaptive. That being said, the EORTC has a robust process for preparing its surveys for international use, and once available, translated forms of the NMIBC24 will conform to the same stringent criteria as the original survey [20] . The responsiveness of the NMIBC24 is questioned as it has yet to show any statically significant differences over 3 studies in which it was used (Supplementary data) [8, 10, 11, 13] . We recommend the NMIBC24 be used as a tool for investigators interested in comparing NMIBC treatments.
MUSCLE INVASIVE BLADDER CANCER INSTRUMENTS

European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire -Bladder Cancer Muscle Invasive (EORTC-QLQ-BLM30) Description and development
The EORTC-QLQ-BLM30 (BLM30) is a nonvalidated 30 item survey that gauges HRQOL for patients with T2-T4 muscle-invasive bladder cancer (MIBC). It includes questions that specifically address radical cystectomy (RC), such as assessing urostomy problems, catheter use and body image [21] . The BLM30 was created as a module to be used in conjunction with the C30, and as with all EORTC instruments, the BLM30 is validated via the EORTC's standardized four phase process [20] . Each item is scored on a 4 point scale, with a higher score reflecting a better HRQOL.
Validation
Although phase III testing can support limited psychometric data, none is publicly available for the BLM30, making it difficult to assess the validity and reliability of the instrument [21] . That being said, even without validation data the BLM30 has been utilized 9 times (Supplementary data). During phase IV, large scale, international field testing will provide information regarding validity, responsiveness, reliability, acceptability, and cross cultural adaptation.
Summary
The BLM30 is used to determine HRQOL in a broad context of situations. This is appealing for investigators who are interested in studying invasive procedures which affect multiple systems. For instance, two studies involving pelvic exenteration for rectal cancer include the BLM30, in addition to other EORTC instruments such as the core C30 and the CR38 (for colorectal cancer) [23, 24] . While most instruments typically compare two treatments, EORTC instruments (particularly the BLM30) were used to compare varying methods within a given treatment modality. For instance, Mischinger et al. used the BLM30 to compare HRQOL in orthotopic neobladder patients who received a 60 cm StuderPouch with those who received a 40 cm I-Pouch, with the I pouch patients scoring better in the continence domain [25] .
Likely, the BLM30's widespread usage is a function of the variety of instruments offered by the EORTC, and the ease of scoring these instruments and interpreting data based on the same instruction manual [18] . A similar instrument is the FACTBl-Cys (described below), which can be used in conjunction with other FACT instruments to cover a wide symptom burden. Thus, the decision to use the BLM30 vs. the FACT-Bl-Cys in studying RC in MIBC patients is up to the investigator, with perhaps a slight advantage going to the FACT due to its validation. However, given the trend of its current usage (Supplementary data), the BLM30 should be considered for alternative situations other than comparing bladder cancer treatment modalities.
Functional Assessment of Cancer TherapyBladder Cystectomy (FACT-Bl-Cys) Description and development
The FACT-Bl-Cys (formerly the FACT-VCI) is a validated questionnaire designed for patients undergoing RC and UD. It focuses on urinary, bowel, and sexual symptoms following cystectomy and is recommended to be administered in conjunction with the FACT-G; a 27 item questionnaire which is divided into physical, social/familial, emotional, and functional domains [14] . The FACT-Bl-Cys includes 17 items taken from 3 previously validated instruments (the FACT-Bl, the FACT-C for colorectal cancer and the FAIT-U for urinary incontinence) [26] . These items cover urinary (9 questions), bowel (2 questions), and sexual symptoms (1 question). Development of the instrument involved an expert panel meeting, a literature review and semi-structured group interviews with RC patients [26] .
Validation
The FACT-Bl-Cys was validated in a retrospective trial of 50 patients [26] . Each of the 17 items is scored on a 5 point Likert scale and added to form a single score with no subdomains. Internal consistency reliability was evaluated with a Cronbach's ␣ of 0.83, suggesting that the subscale questions were effective at measuring their intended symptoms. Construct validity was calculated by comparing the FACT-Bl-Cys with the more generic FACT-G and SF36. The results concluded that higher general quality of life scores from the SF36 and FACT-G correlate with a higher cystectomy-specific quality of life score from the FACT-Bl-Cys, as could be expected in an instrument which successfully measures HRQOL in bladder cancer. Additionally, test-retest reliability was assessed at 4 weeks, with a high correlation of 0.79. In a separate retrospective study of 190 patients, Anderson et al re-evaluates the psychometric properties of the FACT-Bl-Cys [27] . In this larger sample size, the validity of the previous psychometric data remained consistent. Additionally, this study showed the ability of the FACT-Bl-Cys to discriminate between HRQOL in ileal conduit (IC) patients and orthotopic neobladder (ONB) patients, with IC patients showing a higher HRQOL at postoperative year 1. This finding suggests that the FACT-Bl-Cys is able to detect valuable clinical information between UD types.
Summary
As the only instrument developed and validated particularly for the bowel, bladder, and sexual concerns of the RC population, the FACT-Bl-Cys is an excellent tool for measuring HRQOL in these patients. It covers both systemic (FACT-G) and bladder cancer specific symptoms, and it has a proven ability to discriminate between UD types. However, it may not be optimal for studying HRQOL outcomes within a particular diversion type as there is a limited scope regarding post cystectomy management of urinary diversion. Other limitations in the Fact-Bl-Cys include small sample size and only two time points evaluating longitudinal responsiveness.
Conclusion for Muscle Invasive Bladder Cancer Instruments
There are two instruments that have been developed to assess HRQOL for muscle invasive bladder cancer: the BLM 30 and the FACT-Bl-Cys. Although the BLM30 also contains questions pertaining to RC with UD, we favor the FACT-Bl-Cys due to its validation. In accordance with its design, we suggest that investigators use the FACT-Bl-Cys to study HRQOL in patients with RC and UD.
INCLUSIVE BLADDER CANCER INSTRUMENTS
Functional Assessment of Cancer TherapyBladder (FACT-Bl) Description and development
The FACT-Bl is a validated questionnaire designed for patients with bladder cancer, including MIBC and NMIBC. It consists of a general version (FACT-G) to which 12 questions of the bladder-specific scale are added. The bladder-specific answers are totaled, and added to the FACT-G score, with a higher score reflecting better HRQOL. These questions cover urinary function, bowel function, sexual function, body image, appetite and ostomy care (only answered by patients with ostomy) [28] . The FACTBl was designed by the Functional Assessment of Chronic Illness Therapy (FACIT) Measurement System, which has been developing questionnaires since 1987, beginning with the core FACT-G [15] . For all of its instruments, FACIT implements a four phase development and validation procedure consisting of item generation, item reduction, scale construction and psychometric evaluation [29] .
Validation
Although no psychometric data specific to the FACT-Bl is publicly available, the FACT-Bl has demonstrated reliability, validity and sensitivity to change over time. Each newly constructed FACIT subscale undergoes an initial assessment of validity using a sample of at least 50 patients [29] . The validation typically involves patient completion of a baseline assessment, a test-retest assessment 3 to 7 days later and a third assessment 2 to 3 months later to demonstrate sensitivity to change over time. Relevant sociodemographic and treatment data is also collected, and a host of other surveys are administered at the baseline period and at the 2 to 3 month retest to determine convergent and divergent validity. A comprehensive analysis of the data gathered yields useful psychometric information and establishes initial reliability and validity of the scale.
Summary
The FACT-Bl is a reliable, validated, and responsive instrument which was designed for use across the range of bladder cancer treatments and stages. It differs from the EORTC instruments in that it is validated, and that it was designed to compare HRQOL between MIBC and NMIBC patients [30] [31] [32] . Thus, the FACT-Bl can be administered by investigators comparing two UD types, two intravesical treatments, or comparing RC to bladder-sparing treatments. The FACT-Bl is much the same as the BCI (described below), which was also designed to be used across treatment modalities and diseases [33] . Unlike the BCI, the FACT-Bl lacks the ability to discriminate which symptoms are most disturbing to the patient, because it does not include separate function and bother subscales. Additionally, the FACT-Bl does not break its questions into separate domains (for example, bowel, bladder and sexual symptoms) as does the BCI. These separate domains aid the investigator in creating a more holistic view of the patient experience [33] .
Bladder Cancer Index (BCI) Description and development
The University of Michigan's Bladder Cancer Index (BCI) was designed as an all-inclusive instrument for patients with nonmuscle-invasive and muscle-invasive disease of any stage. Each of its three domains has a function and bother subscale component and all domains are scored separately using a 100 point Likert scale. During its development, items were first generated by an expert panel, then revised with the input of 62 bladder cancer survivors and finally pilot-tested in a separate group of 72 bladder cancer patients [33] . The final validated instrument contains 36 items divided into 3 domains (urinary, bowel and sexual). In terms of usage, the BCI is similar to the FACT-Bl. Both instruments were designed for use across a range of diseases and treatments
Validation
Validation of the BCI included a group of 315 bladder cancer patients [33] . The 36 total items were placed into urinary, bowel and bladder domains using a sorting method called varimax rotation. Internal consistency reliability was high (Cronbach's ␣ 0.77-0.94), suggesting that each domain measured its intended symptoms. External reliability was also high, with test-retest correlations of 0.92 (urinary), 0.87 (bowel) and 0.92 (sexual) over a 2 to 4 week period. Convergent and divergent validity revealed moderate intra-domain and weak inter-domain correlation respectively. This moderate convergent validity suggests that the bother subscale is an effective means of quantifying the function subscale, while the low divergent validity suggests that each of the three domains succeeds in measuring separate groups of symptoms. Concurrent validity was tested using three other relevant instruments: the SF-12, the FACT-G and the FACT-Bl. Several components of the BCI subscales correlated well with the cancer-specific tools like the FACT-Bl and certain domains of the FACT-G, but less so with the non-cancer specific SF-12 (r = 0.07-0.34). This low correlation suggests that little overlap exists between the BCI and more general instruments. In a separate paper, Gilbert et al found the BCI to successfully detect differences in bother scores between cystectomy and native bladder treatment groups, suggesting responsiveness between treatment modalities [34] .
Summary
The BCI is a strong instrument designed specifically for comparison across a range of disease stages and treatment modalities. Its bother subscale provides an unmatched quantitative measure of the severity of symptoms for urinary, bowel, and sexual domains. However, if the function and bother scores for a particular domain are different, it may be difficult for the investigator to determine which score should be used to determine HRQOL. Discrepancies place a burden on the investigator to decide whether the patient's symptoms (the function score), or the degree of importance that the patient places on his or her symptoms (the bother score) should be used to determine HRQOL [34] . The BCI's main limitation is its low correlation to more general instruments. Thus, to include more systemic HRQOL data, researchers should consider administering a general instrument such as the SF-12, or a cancer specific tool such as the FACT-G. Additionally, the BCI's neutral design should be taken into account by researchers studying one specific treatment modality or studying genderspecific symptoms. For example, although questions involving erectile dysfunction are certainly not gender neutral, they provide key sexual information in evaluating a male patient's HRQOL. By the same token, questions regarding hardware specific for a non-continent UD do not apply to a patient with ONB, but are certainly crucial in evaluating the HRQOL of a patient with IC. As a final limitation, the BCI was validated in a cross sectional study and lacks significant longitudinal data and body image items.
Conclusion for Inclusive Bladder Cancer Instruments
We recommend investigators consider the BCI (coadministered with a general instrument and body image instrument) along with the FACT-Bl as tools for comparing MIBC with NMIBC treatments. These instruments are also preferred for patients with MIBC who are receiving treatment other than RC, as they more thoroughly cover the concerns associated with a wider range of treatments. Additionally, we recommend the BCI to clinicians interested in studying the emphasis that patients place on the symptoms of bladder cancer, given the BCI's unique bother scale.
CONCLUSIONS
An investigator's choice of instrument(s) plays a substantial role in determining the quality of HRQOL data which is ultimately collected. It is necessary to collect data that covers both the overall well-being of the patient, as well as disease-specific concerns. Thus, investigators need to administer BCSIs along with a more general instrument. A process which we follow for deciding upon the appropriate instrument is outlined in Fig. 1 . In the case of NMIBC, the investigator should utilize the non-validated NMIBC24, which is the only instrument designed to study HRQOL in patients receiving intravesical treatments. For MIBC, investigators have the option to use either the nonvalidated BLM30 or the validated FACT-Bl-Cys. These instruments are accompanied with a broader questionnaire to more appropriately cover the concerns seen in MIBC patients. Both instruments are modular and extensively used, but the BLM30 is used in a wider range of contexts -particularly by investigators interested in urinary complications secondary to other cancer types, like rectal cancer. Finally, for investigators interested in comparing between MIBC and NMIBC treatment modalities, both the FACTBl and the BCI are viable instruments. The BCI is non-modular, gender/UD-neutral, and should be administered with a more general instrument like the FACT-G, C30, or SF-36. In comparison, the FACTBl is a modular instrument which is co-administered with the FACT-G. With the correct instrument in use, investigators can glean relevant HRQOL information that will inform clinical decision making and aid in counseling patients to live with their treatment course.
